A system was developed to quantitate prolactin-dependent responses in porcine mammary tissue obtained from pregnant gilts. Metabolic responses to prolactin (Prl) and cortisol (C) in the presence of varying doses of insulin (I) were examined in mammary explants cultured on the surface of the medium or submerged in medium, under an atmosphere of humidified air. Explants suspended on grids at the surface of medium oxidized 45% more glucose (P < .05) and incorporated 67% more glucose into lipids (P < .05) than explants submerged in culture medium. In explants cultured on grids, both 100 and 1,000 ng I/ml increased glucose oxidation (by 50%) and glucose incorporation into lipids (by 150%) compared with 10 ng/ml (P < .05), but responses to 100 and 1,000 ng I/ ml were not different. Therefore, in subsequent studies, explants were cultured on grids with 100 ng I/ml. Rates of glucose metabolism for mammary explants cultured with I + C for 48 or 72 h were not different from those in fresh tissue. However, addition of Prl (200 or 1,000 ng/ml) increased oxidation rate 130% and fat synthesis 400% compared with I + C (P < .05). Addition of triiodothyronine to I + C + Prl further increased rate of fat synthesis by 87%. Dose-dependent responses to Prl were demonstrated and were within the concentrations of Prl found in blood of gestating gilts. These studies demonstrate that the lactogenic complex of I, C and Prl induces metabolic activity in porcine mammary tissue from late pregnancy.
, endocrine requirements for lactogenesis have not been demonstrated in vitro. It is important to identify factors that regulate lactation in pigs, because 34% of the variation in litter weight gains has been attributed to variation in milk yield of the sow (Lewis et al., 1978) .
Therefore, a method of culturing porcine mammary explants in a defined medium was developed that allows quantitation of lactogenic responses to prolactin and permits further stimulation of lactogenesis when other lactoge,, nic factors are introduced. Differences between explants cultured on grids or submerged in media were compared, and the minimum insulin and prolactin concentrations required for induction of lactogenesis were determined.
Experimental Procedure
Hormone and Chemicals. For these experiments the following were used: porcine prolac-tin (Prl) 2, porcine insulin (I) 3, cortisol (C) 4 and triiodothyronine (T3) 4. The [U-V)C]-Dglucose was greater than 99% pure with a specific activity of 4.43 mCi/mmol 5 in Exp. 1 and 2, or 286 mCi/mmol in Exp. 36. Prolactin was solubilized in .001 N NaOH. Insulin was solubilized in a .01 N HCI. Triiodothyronine and C were dissolved in sterile saline (pH 9) and 100% ethanol, respectively. All hormones were prepared in stock solutions, distributed among small vials to avoid repeated freezing and thawing, and then frozen.
Explant Culture. Mammary tissue was obtained from seven Yorkshire gilts (91 to 105 d gestation) while they were under halothane anesthesia. This stage of pregnancy provides adequate mammary epithelial cell numbers, yet it is prior to onset of lactogenesis (Kensinger et al., 1982) . Tissues were removed from the third or fourth anterior glands and immediately placed in sterile Medium 199 on ice and transported to the laboratory, where all subsequent handling was performed in a laminar flow hood.
Production of uniform explants was essential to obtain repeatable responses. Because approximately 800 uniform explants from each gilt were required for each experiment, a disposable explanting tool was designed. Five razor blades were fixed approximately 3 mm apart in an acrylic resin 7. Tissue slices .1 mm thick were prepared with a microtome (Stadie and Riggs, 1944) . Next, tissue slices were cut in one direction with the explanting tool, then returned 90 degrees and cut again to form .1-x 3-x 3-mm explants. An average of 35 mg of explants were submerged in 3 ml of medium in 35-mm dishes 8 or suspended on the surface of the medium by stainless-steel grids in organ culture dishes 9 containing 1 ml of medium. Explants were maintained in a humidified air atmosphere at 37~ for up to 72 h. Media were changed every 24 h. ET AL.
The culture medium was Medium 199 with Hanks' salts 1~ 10 mM HEPES 11 and antibiotic-antimycotic solutio# added to yield 100 U/ ml penicillin, .1 mg/ml streptomycin and to yield .25 txg/ml amphotericin B.
In Exp. 1, explants from each of two gilts were incubated on grids or submerged in medium with C (1 ~g/ml), Prl (1 p.g/ml) and I (10, 100 and 1,000 ng/ml) for 24 or 48 h. Metabolic measurements were obtained from four replicate dishes for each gilt-methodhormone-time combination after 0, 24 or 48 h in vitro. Based on results from Exp. 1, explants from two additional gilts were cultured (for 0, 48 or 72 h) on grids in a basal medium containing C (1 ~tg/ml) and I (100 ng/ml) plus either 1) no Prl, 2) 200 ng/ml Prl, 3) 1,000 ng/ ml Prl or 4) 1,000 ng/ml Prl + .65 ng/ml T3 in Exp. 2. Metabolic measurements were obtained from six replicate dishes for each gilthormone-time combination. In Exp. 3, explants of mammary tissue from three gilts were cultured in the presence of I (100 ng/ml), C (1 ~tg/ml) and Prl (.1, .5, 2, 10, 50, or 200 ng/ml) for 48 h. Metabolic responses were determined as above, except that explants from two culture dishes were combined into a single flask (approximately 70 mg wet weight) such that 10 replicate dishes from each treatment provided five replicate flasks for metabolic measurements.
Metabolic Measurements. Because no antibodies against porcine milk proteins were available, Prl-dependent changes in glucose metabolism were measured as indicators of lactogenesis. Enhanced glucose oxidation is a general indicator of metabolic stimulation, and stimulation of fatty acid synthesis is considered a hallmark of lactogenesis. Therefore, both responses were measured according to the method of Bauman et ai. (1973) as adapted to porcine mammary tissue (Kensinger et al., 1982) . This procedure quantifies generation of radioactive CO2 in medium by tissues incubated for 3 h in Krebs-Ringer bicarbonate buffer containing [U-14C]-D-glucose. The quantity of radiolabeled fatty acids contained in the tissue after the 3-h incubation also was determined. Modifications were that .2 ml hyamine hydroxide was utilized to trap radioactive CO2 on filter paper, a commercial aqueous scintillation cocktail 12 was utilized, and .3 ml 1 N HCI was added to each scintillation vial to reduce chemiluminescence. "Explants were cultured for 24 or 48 h in the presence of cortisol (1 lag/ml), porcine prolactin (1 Ixg/ml), and the indicated dose of porcine insulin. Numbers in the table represent umol glucose per 100 rag wet tissue weight per 3 h. The SE for the method by insulin dose mean for glucose oxidation was 4.23; SE for glucose incorporation was 1.33.
bExplants cultured on stainless-steel grids at air-medium interface.
~ submerged in medium during culture.
dDifferences between methods of culture significant at P < .05, utilizing tissue from two gilts and four replicate dishes for each gilt-raethod-hormone-tirae cell.
Synthesis of fatty acids from glucose was determined by saponification of explants for 5 h at 90~ in 5 N NaOH. After cooling, the solution was acidified to pH 2 with concentrated HCI, and fatty acids were extracted with petroleum ether. Extracts were counted in 8 ml of Scintilene ]3 in a Beckman 8000 scintillation counter 14, and counts were adjusted for variation in counting efficiency. All responses were expressed per milligram of wet tissue.
Statistical Analysis. Analyses of variance
were calculated by the Generalized Linear Models procedure of SAS (1985) for a mixed model design in which donor animal was treated as a random blocking factor (Steel and Torrie, 1960) . The appropriate interactions of the random blocking effect (gilt) and treatment combination were used as the error term to test treatment effects. In Exp. 3, data were analyzed for outliers. Data points greater than 2 standard deviations from the respective mean for each hormone treatment within each gilt were removed from further analyses.
Results
In the presence of C and Prl there was an interaction between culture method and dose of I (P < .05) for both oxidation of glucose and incorporation of glucose into fatty acids (Table  1) . Neither response was altered by method of culture when concentration of I was only 10 '3Fisher Scientific, Pittsburgh, PA. ~4Beckrnan Instrument, Inc., Fullerton, CA. ng/ml (Table 1) . However, when explants were cultured with 100 or 1,000 ng I/ml, rates of oxidation of glucose and incorporation of glucose into fatty acids were greater (P < .05) in explants on grids than in submerged explants (Table 1) . Explants cultured with 100 ng I/ml had greater rates of glucose metabolism than explants cultured with 10 ng I/ml (P < .05), but 1,000 ng I/ml offered no additional increase in rates of glucose metabolism (P > .05). The effect of culture time on metabolic responses of porcine mammary explants cultured on grids is shown in Figure 1 . Rates of glucose metabolism did not differ among explants cultured with 10 ng I/ml for 0, 24 or 48 h. However, both oxidation of glucose and incorporation of glucose into fatty acids increased from 0 to 24 and from 24 to 48 h in vitro with 100 or 1,000 ng I/ml (Figure 1) .
The intermediate dose of I (100 ng/ml) was chosen for Exp. 2 to avoid mitogenic responses induced by higher concentrations of I (Prop and Hendrix, 1965; Baumrucker, 1986; Imagawa et al. 1986 ) while permitting Prldependent metabolic responses to occur. All explants were cultured on grids because greater metabolic responses were observed compared with submerged explants (Table 1) . Additionally, because rates of glucose metabolism increased linearly through 48 h following hormonal treatment (P < .06), explants were maintained on grids for 48 h or 72 h in Exp. 2 to determine the time in culture at which maximum metabolic responses to hormonal treatment were attained. To determine whether metabolic responses to I + C + Prl were limited by capacity of culture method to "Explants were cultured on grids for 48 h in the presence of cortisol (1 Ilg/ml), insulin (100 ng/ml) and the indicated dose of porcine prolactin. Numbers in the table represent nmol gincose/100 mg tissue/3 h, and indicate the mean + SE utilizing tissue from three gilts with five replications per hormone dose. Differences in SE reflect missing values. I+C+PrI (1000) I+C+PrI (200) I---1 I+C Hgure 3. Main effect of hormonal treatment on metabolic responses by mammary explants cultured on grids. Data were the pooled 48 and 72 h data from Figure 2 to illustrate hormonal effects. The medium contained 100 rig/ ml porcine insulin (I), 1,000 ng/ml cortisol (C) or .65 ng/ml triiodothyronine (T3). Porcine prolactin (Prl) was added to 200 or 1,000 ng/ml to form the following treatments: (IC; ICi~l (200); ICPri (1,000); ICPrl (1,000) T 3. Metabolic measuremems are expressed as nmol glucose converled/100 nag wet tissue/3 h. Bars are SE.
87% increase in rate of incorporation of glucose into lipid, with little effect on rate of glucose oxidation.
The current bioassay was utilized in Exp. 3 to demonstrate that dose of Prl affected both glucose oxidation and glucose incorporation into lipids (P < .05; Table 2 ). For each measure of metabolism there were significant increases in glucose utilization with 2 ng Prl/ ml (Table 2) . Responses continued to increase through 200 ng Prl/ml for glucose oxidation, whereas rate of lipogenesis from glucose was maximized at 50 ng Prl/ml.
Discussion
It is important to identify factors that regulate lactation in the pig in order to enhance profitability. To our knowledge there are no data in the literature that describe the endocrine requirements for induction of lactogenesis in porcine mammary tissue in vitro.
Early efforts to induce lactogenesis in tissue in glass dishes required that mammary explants be suspended on the surface of the medium (Elias, 1957) . This was necessary to provide adequate gas exchange for maintenance of aerobic respiration (Trowell, 1954; McLimans et al., 1968) . Because polystyrene dishes are permeable to oxygen and carbon dioxide (Balin et al., 1976) , it was plausible that greater metabolic responses might be observed by culturing explants submerged in medium in polystyrene dishes. However, polystyrene dishes did not permit full expression of lactogenesis when explants were submerged. Although lipogenic rate was modestly increased by increasing doses of I, the rate of glucose oxidation was not. Furthermore, rates of metabolism were consistently less in sub-merged explants than for those cultured on grids, presumably due to insufficient gas exchange.
The majority of mammary culture studies have utilized Bg/ml concentrations of I and Prl. Because these levels are not observed in vivo it was important to test lower concentrations. Concentration of I in the medium of the present experiments was minimized, because at high concentrations insulin cross-reacts with IGF-I receptors, which may stimulate mitogenesis and lactogenesis (Stockdale and Topper, 1966; Baumrucker, 1986; Imagawa et al., 1986) . Because our objective was to test factors that induce biochemical differentiation of cells but do not increase cell numbers, a minimal concentration of I was desired. Furthermore, pharmacologic concentrations of I may mitigate or mask the lactogenic effects of factors that could be tested using this bioassay. Insulin at 100 ng/ml, in combination with Prl and C, was adequate to support significant increases in rates of lipid synthesis and glucose oxidation by porcine mammary explants. Prosser et ai. (1987) showed that 100 ng I/ml in the presence of C and Prl was sufficient to induce maximal rates of glucose uptake and casein synthesis by mouse mammary cells in vitro. Consequently, microgram quantities of I probably are not necessary to induce metabolic responses in mammary tissue.
Triiodothyronine enhances milk component synthesis in mammary tissue from mice (Vonderhaar, 1977) and cattle (Goodman et al., 1983) . In the present experiment, addition of T 3 to medium containing I + C + Prl increased glucose incorporation 87% over that in I + C + Prl alone. Therefore, rates of glucose oxidation and glucose incorporation into lipids were increased specifically in response to Prl, and responses to Prl were not limited by nutrients or the culture system because greater rates of glucose metabolism were observed in the presence of T 3. Thus, metabolic activity can be stimulated significantly in cultured explants to a degree exceeding that induced by the lactogenic complex of I + C + Prl alone.
Dose-dependent responses to Prl were observed in Exp. 3. Rates of glucose oxidation and glucose incorporation were increased in culture by concentrations of Prl similar to those found in blood of gilts during late gestation (DeHoff et al., 1986; Kensinger et al. ,1986b) . Furthermore, the dose-response range was similar to what others have observed utilizing mammary tissue from rabbit (Falconer and Martyn, 1985; Jahn et al., 1987) , mouse (Thordarson et al., 1986) and cow (Goodman et al., 1983) .
The metabolic changes induced by I + C + Prl in culture are consistent with the increased lipogenesis and glucose oxidation that occurs during lactogenesis in mammary tissue from pregnant gilts (Kensinger et al., 1982) . Enhancement of lipid synthesis during lactogenesis in late-gestation pigs also has been characterized by histological methods (Wooding, 1977; Kensinger et al., 1986a) .
In summary, quantitative induction of lactogenesis occurs in porcine mammary explants cultured on grids in the presence of I, C and Prl. The sensitive relationship between concentration of porcine Prl and rate of glucose metabolism in porcine mammary tissue has been demonstrated. It remains to be demonstrated that rates of lactose synthesis increase in parallel with glucose metabolism. The described culture method can support further enhancement of metabolic activity when synergistic hormones (e.g., T3) are provided. This provides a bioassay that can be utilized to test the lactogenic potencies of various prolactins in porcine mammary tissue or to screen for factors in blood that synergize with Prl.
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